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Description 

The present invention relates to an optical recording medium, to a process for producing the optical recording 
medium and to the use of the optical recording medium in the recording, reproduction of data by means of a light beam. 

s An optical recording medium for recording or reproducing data with light is known which comprises a recording 

layer formed on a substrate and sandwiched between stabilising layers comprising an inorganic dielectric for preventing 
deterioration of the recording layer by oxidation and which is further covered with a transparent protective layer (see 
US Patent No 4370391 corresponding to Japanese Laid Open Patent Application JP-A-56-1 30393). Such a protective 
layer has been composed of an inorganic compound such as a Si0 2 . In order to provide adequate surface protection 

10 the protective layer is required to be several microns thick. However, a layer of an inorganic compound such as Si0 2 
of this thickness is brittle and liable to spontaneous cracking. For this reason it has been proposed to use a resinous 
protective layer including for example a photopolymerisable organic substance such as an aery late-type resinous com- 
position (JP-A-61 -123593). A similar structure is shown in JP-A-63 026 852. 

However, when such a resinous protective layer is applied to an optical recording medium of the structure described 

15 above, the medium is caused to have a large initial warp and/or skew as a result of large stress in the inorganic dielectric 
stabilisation layer. More specifically, the optical recording medium may deform so as to become convex on the side of 
the laminate film due to the stress in the laminate film. The warp and/or skew can be enhanced when the medium is 
subjected to an environmental durability test, for example by allowing it to stand for 200 hours at 80° C and 90% R.H. 
It may become impossible to load an evaluating apparatus with the recording medium so that in some cases, the 

20 operations of recording, reproduction or erasure may fail. 

It is possible to minimise the stress which develops in the laminated film and decrease the consequential warp 
and skew by forming the recording layer and the inorganic dielectric layer while minimising the temperature increase 
of the substrate. However, the laminate film is prone to deteriorate for example by development of cracks in or peeling 
of the inorganic dielectric film. Consequential oxidation or corrosion of the recording layer can give rise to problems 

25 such as an increase in bit error rate (B.E.R.) and deterioration in C/N value. 

Herein "Warp" refers to a deformation of the optical recording medium along the radius and "Skew" refers to de- 
formation of the optical recording medium in a circumferential direction. 

In order to prevent warp of the medium it has been proposed in JP-A-60-10431 to produce a double sided disc by 
applying to one another a pair of identical structures having recording layers on opposite faces, or to adhere a medium 

30 by means of an adhesive onto a rigid protective substrate. 

In recent years, however, it has become a requirement that the thickness and weight of the medium should be 
reduced, so that a single sided no-adhesive recording medium has been proposed in which no rigid substrate is present 
but only a resinous protective layer on the recording layer. However, it has been very difficult to obtain such a single 
sided no-adhesive medium free of warp. Thus a single-sided no-adhesive optical recording medium has been known 

35 which comprises an inorganic dielectric layer, a recording layer and a resinous protective layer disposed on the sub- 
strate and which is free from further application of a rigid substrate, but up to now no single sided no-adhesive medium 
has been disclosed that has been free from the problem of warp. 

The present invention provides an optical recording medium as defined in claim 1 . It also provides a process 
defined in claim 16 for producing the optical recording medium as defined in claim 1 . The preamble of claim 1 is based 

40 on JP-A-63 026 852. The invention also comprises a process for recording information as claimed in claim 19 and a 
process for reproducing information as claimed in claim 20. 

The above mentioned recording medium exhibits reduced warp or skew when initially manufactured and after 
environmental durability testing. Embodiments of the recording medium provide a reduced bit rate error (BER) and a 
C/N value which does not deteriorate, thereby providing long-term reliability. 

45 Embodiments of the invention will now be described, by way of example only, with reference to the accompanying 

drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 Figure 1 is a schematic sectional view of an embodiment of the optical recording medium according to the present 

invention. 

Figure 2 is a schematic sectional view illustrating a warp of an optical recording medium. 

Figure 3 is a schematic sectional view for illustrating a method of measuring a stress in a resinous protective film. 

Figure 4 is a view for illustrating a method of measuring a stress in a laminate film. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows an embodiment of the optical recording medium according to the present invention. Referring to 
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Figure 1 , an optical recording medium 8 has a laminated structure comprising a resinous substrate 1 , inorganic dielectric 
layers 2 and 4, a recording layer 3, and a resinous protective layer 5, wherein the recording layer 3 and inorganic 
dielectric layers 2 and 4 in combination constitute a laminate film 6. 

The (compression) stress in the laminate film 6 according to the present invention may preferably be in the range 

5 of 15 - 55 kg/mm 2 , particularly 20 - 50 kg/mm 2 in view of the stability of the recording layer. If the laminate film 6 has 
a stress below 1 5 kg/mm 2 the laminate film, particularly the inorganic dielectric layer therein is liable to cause cracking 
or peeling, and if the stress exceeds 55 kg/mm 2 , the optical recording medium causes a large degree of warp and 
skew to result in cracking or peeling of the laminate film. Further, in case of an optomagnetic recording medium, a 
laminate film thickness in the above range provides a large magneto-optica! Kerr rotation angle to result in a good S/ 

10 N of detection signal. 

The resinous protective film 5 according to the present invention may have a tensile stress of 2.5 - 5.5 kgAnm 2 
preferably 3 - 5 kg/mm 2 for prevention of warp. A stress in the resinous protective film 5 in the above range provides 
a good balance with the stress in the laminate film 6 to provide an optical recording medium with little deformation. 

In the present invention, the recording layer 3 may preferably comprise an inorganic material, examples of which 
15 may include amorphous magnetic recording materials, such as TbCO, GdTeCO, GdFeCO and GdTbFeCo; Bi, Al; 
calcogenides comprising Se, Te, etc.; and alloys of these. The recording layer can have a laminate structure of these 
materials. The recording layer may preferably have a thickness of 200 - 1000 A, particularly 500 - 900 A. Further, in 
the present invention, the recording layer can constitute a reflection layer for a readout beam for reproducing data 
recorded in advance, which is not used for writing data therein. (Note that 100A = 0,01 urn). 
20 The inorganic dielectric layers 2 and 4 may preferably comprise Si 3 N 4 , SiO x> ZnS, SiC, etc., among which Si 3 N 4 

is particularly preferred. The inorganic dielectric layer is formed on at least one side of the recording layer 3 but is 
preferably formed on both sides of the recording layer in order to sufficiently protect the recording layer. 

The inorganic dielectric layer may preferably have a thickness of 100 - 1000 A, further preferably 400 - 1000 A, 
particularly 450 - 750 A. 

25 The layers in the laminate film 6 may preferably be formed by vapor deposition, such as vacuum evaporation or 

sputtering, so as to provide a uniform film, and sputtering is particularly preferred since the stress in these layers can 
be easily controlled. The stress in the laminate film 6 can be adjusted by controlling the film-forming conditions of the 
respective layers including the inorganic dielectric layer(s) and recording layer, inclusive of sputtering pressure, input 
power and disposition of target in case of sputtering, and further control of Ng partial pressure. More specifically, in 

30 case of forming a laminate film composed of inorganic dielectric layer/recording layer/inorganic dielectric layer com- 
prising 650 A-thick Si 3 N 4 layer/400 A-thick Gd-Tb amorphous recording layer and 400 A-thick Tb-Fe amorphous re- 
cording layer/700 A-thick Si 3 N 4 layer by sputtering, the first Si 3 N 4 layer may be formed under a sputtering pressure of 
0.1 -0.3 Pa and an input power of 500 - 1500 W, the recording layer may be formed under 0.2 -0.5 Pa and 500 - 1500 
W, and the second Si 3 N 4 layer may be formed under 0.1 - 0.3 Pa and 500 - 1500 W to provide a laminate film with a 

35 compression stress of 15 - 55 kg/mm 2 . 

In the present invention, it is also possible to form a reflecting film of, e.g., Al, on the laminate film including the 
inorganic dielectric layer and recording layer so as to improve the C/N value. 

The resinous protective film may suitably be formed from a resin providing its cured film with a tensile stress of 
2.5 - 5.5 kg/mm 2 , which may be thermosetting resin, photo-curable resin and electron beam-curable resin. From the 

40 viewpoint of providing a protective film capable of preventing transmission of oxygen and moisture and having an 
appropriate tensile stress, photo- or ultraviolet-curable or electron beam-curable resin may suitably be used. The ul- 
traviolet-curable resin may suitably be an aery late-type resin composition or a photopolymerizable epoxy resin, par- 
ticularly an acrylate-type resin composition for easy adjustment of the stress. The ultraviolet-curable acrylate-type resin 
may suitably comprise (A) a prepolymer component, (B) a reactive diluent component, and (C) a photopolymerization 

45 initiator, wherein the components (A) and (B) are mixed in proportions of 0 - 100 wt %, preferably, 5 - 95 wt. % and 
100 - 0 wt. %, preferably, 95 - 5 wt. %, respectively, and the component (C) is preferably contained in a proportion of 
0.1 - 10 wt. %. Examples of the component (A) may include polyester acrylate, urethane acrylate, and epoxy acrylate. 
The component (B) may suitably be a mono-functional monomer or a polyfunctional monomer, such as an acrylic acid 
ester of a polyhydric alcohol. The component (C) may be any known photopolymerization initiator but may preferably 

50 be one providing a composition with a good storage stability, examples of which may include initiators of benzoin alkyl 
ether-type, acetophenone-type, propiophenone-type, anthraquinone-type, and thioxanthone-type. These initiators may 
be used singly or in a mixture of two or more species in any proportions. 

In the present invention, an ultraviolet-curable acrylate-type resin composition providing a cured film with a tensile 
stress of 2.5 - 5.5 kg/mm 2 may be selected from those described above. 

55 A preferred class of the acrylate-type resin composition may be formed as a mixture comprising 60 wt. % or more 

of a polyfunctional acrylate compound having 5 or more functional groups (i.e., acrylate groups) as a component (B) 
and 10 wt. % or less of a urethane acrylate compound as a component (A). The resin composition provides a dense 
protective layer having a high degree of crosslinking and thus having a high tensile stress and small moisture absorp- 
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tivity and permeability through polymerization under irradiation with light or electron beam because it contains 60 wt. 
% or more of the polyfunctional acrylate compound, and also provides the protective film with a sufficient flexibility free 
from cracking, etc., while retaining a high stress, because it contains 1 0 wt. % or less of the urethane acrylate compound 
so as to compensate for a decrease in flexibility of the protective film caused by the increased content of the polyf unc- 

5 tional acrylate compound. Further, the resultant resinous protective film has a high gel content and contains little non- 
reacted monomer, so that corrosion or pitting of the recording layer due to such non-reacted monomer can be sup- 
pressed to provide an optical recording medium having minimized skew or warp, a decreased B.E.R. , little degradability 
in C/N value and thus having a particularly excellent long-term reliability. 

The urethane acrylate compound is free from remaining of acrylic acid at the time of curing and has a small moisture- 

10 absorptivity and a large heat resistance compared with other flexibility imparting compounds, such as epoxy acrylate, 
polyester acrylate and polyether acrylates, so that it is particularly suitably used in the resinous protective layer ac- 
cording to the present invention. 

In the resinous protective layer, the polyfunctional acrylate compound having 5 or more functional groups may 
preferably constitute 60 wt. % or more, particularly 75 wt. % or more, further preferably 85 wt. % or more, of the 

is components constituting the resinous protective layer. Further, the urethane acrylate compound may preferably con- 
stitute 10 wt. % or less, particularly 2 - 8 wt. %, of the components constituting the protective layer. 

Examples of the polyfunctional acrylate compound having 5 or more functional groups may include: dipentaeryth- 
ritol hexaacrylate, dipentaerythritol pentaacrylate, dipentaerythritol hexamethacrylate, dipentaerythritol hexa((o-acry- 
loyloxy-e-caproate), and dipentaerythritol hexa(co-methacryloyloxy-e-caproate). These compounds may be used singly 

20 or in mixture. Among these, dipentaerythritol hexaacrylate is particularly preferred in respect of providing a high stress 
and a high degree of crosslinking. 

The urethane acrylate compound may be prepared by urethanation between an addition condensation product of 
a carbonate diol (average molecular weight = 500 - 5000) and e-caprolactone (I) and an organic polyisocyanate (II), 
followed by acrylate formation by reaction with a hydroxyacrylate compound (III). 

25 The carbonate diol giving the urethane acrylate compound according to the present invention may for example be 

prepared through transesterification between (a) a carbonate derivative which may be selected from a class including 
diaryl carbonates or dialkyl carbonates, such as diphenyl carbonate, bischlorophenyl carbonate, dinaphthyl carbonate, 
phenyl tolyl carbonate, phenyl chlorophenyl carbonate, 2-tolyl 4-tolyl carbonate, dimethyl carbonate and diethyl car- 
bonate, and (b) a diol or a polyester diol which may be selected from diols, such as 1 ,6-hexanediol, neopentyl glycol, 

30 1,4-butanediol, 1 ,8-octanediol, 1,4-bis(hydroxymethyl)cyclohexane, 2-methylpropanediol, dipropylene glycol anddib- 
utylene glycol, or polyester diols obtained by reacting the diols with dicarboxylic acids, such as oxalic acid, malonic 
acid, succinic acid, adipic acid, azelaic acid, and hexahydrophthalic acid. 

The thus obtained carbonate diol may be a monocarbonate diol having one carbonate structure in its molecule or 
a polycarbonate diol having two or more carbonate structures in its molecule. Commercially available examples of the 

35 carbonate diol may include: Desmophen 2020E (mfd. by Sumitomo Bayer K.K.), DN-980 (Nihon Polyurethane K.K.), 
DN-981 (Nihon Polyurethane K.K.), and DN-983 (Nihon Polyurethane K.K.). 

The reaction between the carbonate diol and the e-caprolactone may preferably be effected in the presence of a 
catalyst in a catalytically effective amount, which may preferably be 0.001 - 1.0 wt. %, particularly 0.01 - 0.2 wt. %, of 
the e-caprolactone. Examples of the catalyst effective for the reaction may include: organic titanium compounds, such 

40 as tetraisopropyl titanate and tetrabutyl titanate, and tin compounds, such as tetraphenyltin and tetraoctyltin. The re- 
action between the carbonate diol and the e-caprolactone may be initiated at a temperature of 11 0 - 200 °C and con- 
tinued for a time sufficient for the completion of the reaction. The e-caprolactone may preferably be used in an amount 
of 1 - 5 mols per mol of the carbonate diol. 

In order to minimize oxidation as a side reaction, the reaction may preferably be effected in an inert gas atmosphere 

45 of nitrogen, etc. The reaction mixture including the addition condensation product thus obtained can be used as it is 
in a subsequent reaction. 

The urethane acrylate compound in the present invention may preferably contain averagely 1 - 5 mols of e-capro- 
lactone added thereto. 

Next, examples of the organic polyisocyanate (II) may include isophorone diisocyanate, hexamethylene diisocy- 
50 anate, tolylene diisocyanate, xylylene diisocyanate, diphenylmethane-4, 4' -diisocyanate, lysine diisocyanate, and dimer 
acid diisocyanate. The urethane formation reaction between the addition condensation product (I) and the organic 
polyisocyanate (II) may preferably be effected at 50 - 80 °C. 

Examples of the hydroxyacrylate compound (III) may include hydroxyethyl acrylate and hydroxypropyl acrylate. In 
the acrylate formation reaction, a hydroxyacrylate compound may be used in a stochiometric amount or a small excess 
55 thereof for acrylating the terminal isocyanate group resultant in the above urethanation. The reaction may be effected 
in the presence of a known catalyst, such as a tertiary amine, dibutyltin dilaurate or dioctyltin dilaurate in order to 
promote the reaction between the isocyanate group and the hydroxyl group. In order to prevent gel formation due to 
radical polymerization during the reaction, it is preferred to add a polymerization inhibitor, such as hydroquione, hyd- 
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roquinone monom ethyl ether, methylhydroquinone, p-benzoquinone or phenothiazine in a proportion of 50 - 2000 ppm 
in advance of the reaction. The reaction temperature may preferably be 60 - 90 °C. 

The resin composition for providing the resinous protective layer according to the present invention may preferably 
contain a photopolymerization initiator in addition to the above components (A) and (B). 

5 The photopolymerization initiator may be selected from a wide scope of compounds which can absorb ultraviolet 

rays to generate radicals. Representative examples thereof may include acetophenones, such as p-tert-butyltrichlo- 
roacetophenone, 2,2'-diethoxyacetophenone and 2-hydroxy-2-methyl-1-phenylpropane-1-one; ketones, such as ben- 
zophenone, Michler's ketone, 2-chlorothioxanthone, and 2-isopropylthioxanthone; benzoin and benzoin ethers, such 
as benzoin isopropyl ether; and benzil and benzil ketals, such as benzil dimethyl ketal, and hydroxycyclohexyl phenyl 

10 ketone. 

These photopolymerization initiators may be used singly or in mixture of two or more species. The photopolymer- 
ization initiator may preferably be added in a proportion of 0.1 - 10 wt. %, particularly 1 - 5 wt. %. 

The composition for the resinous protective layer can further contain other additives, such as siiane coupling agent, 
polymerization inhibitor, and leveling agent. These additives may be added in a proportion of 0 - 5 wt. %, respectively 
is of the composition. 

In addition to the above polyfunctional compound and the urethane acrylate compound as preferred components, 
the photo-curable composition can further contain other compounds selected from the above components (A) and (B), 
a preferred example of which may be a polymerizable monomer having four or less functional groups, such as TMPTA 
(trimethylolpropane triacrylate and MAN DA (neopentyl hydroxypivalate diacrylate). The addition amount thereof should 
20 preferably be suppressed in the range of 0 - 30 wt. %, particularly 0 - 15 wt. %, so as to prevent corrosion and warp 
of the laminate film. 

The resinous protective layer in the optical recording. medium according to the present invention may preferably 
have a thickness of 2 - 20 microns, particularly 5-15 microns. Above 20 microns, the resinous protective layer is liable 
to peel due to curing shrinkage. On the other hand, below 2 microns, the laminate film 6 cannot be sufficiently protected 
25 from external damage. 

The resinous protective layer according to the present invention may be formed by application of the composition 
by means of a spin coater, a roller coater, a bar coater, etc., followed by irradiation with ultraviolet rays or electron 
beam for curing. 

The resinous substrate 1 may be composed of acrylic resin, polycarbonate resin, polystyrene resin, polyolefin 
30 resin. The substrate may preferably have a thickness free from difficulty in recording and/or reproduction due to dust 
attached to the surface thereof, for example, 0.3 - 5 mm, particularly about 0.8 - 1 .5 mm. 

A pair of the optical recording media according to the invention can be applied to each other with an adhesive 
disposed between the resinous protective layers so as to dispose the resin substrates on the outer sides, thus forming 
a double-sided medium. However, the medium according to the present invention is particularly effectively used as a 
35 single-sided optical recording medium which is liable to warp. 

It is possible to include particles of alumina, zirconia, SiN, Si0 2> Ti0 2 , etc., as a filler in the resinous protective 
layer. The surface smoothness of the resinous protective layer can be improved by inclusion of such particles, so that 
it becomes possible to prevent crush of a magnetic head in an optical recording medium of the magnetic field-modulated 
overwrite-type having an amorphous magnetic recording layer and using a floating type magnetic head. 
40 As described above, according to the present invention, there is provided an optical recording medium which is 

free from cracking or peeling of the laminate film, has a minimized warp or skew and accordingly has suppressed the 
occurrence of errors in the recording, reproduction and erasure. 

Further, the present invention provides an optical recording medium which is free from corrosion or pitting of the 
laminate film due to residual monomer, etc., in the resinous protective layer, is free from deterioration, has minimized 
45 warp or skew and thus can retain a long term reliability. 

Hereinbelow, the present invention will be explained in more detail with reference to the Examples. 

Example 1 

50 A 1.2 mm-thick polycarbonate substrate having a guide groove and a preformat pit was coated with a 500 A-thick 

Si 3 N 4 layer 2 by sputtering (pressure: 0.2 Pa, input power: 500 W), a laminate magnetic recording layer 3 including a 
400 A-thick amorphous GdTb layer and a 400 A-thick TbFe layer respectively formed by sputtering (pressure: 0.3 Pa, 
input power: 500 W) and then with a 700 A-thick Si 3 N 4 layer formed by sputtering (pressure: 0.2 Pa, input power: 500 
W) to form a laminate film 6 having a compression stress of about 30 kg/mm 2 . Separately, an acrylate-type ultraviolet- 

55 curable resin having the following composition was provided. 
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(Composition) 




Caprolactone-modified dipentaerythritol hexaacrylate (trade name: KAYARAD DPCA-30, mfd. by Nihon 


50 wt. % 


5 


Kayaku K.K.) 






Dioxane glycol diacrylate (trade name: KAYARAD R-604, mfd. by Nihon Kayaku K.K.) 


45 wt. % 




Photopolymerization initiator (trade name: IRG-184, mfd. by Ciba-Geigy A G.) 


5 wt. % 



The ultraviolet-curable resin was applied on the laminate film by spin coating at 4000 rpm for 7 sec, followed by 
10 curing with irradiation from a UV lamp 7 issuing rays at a wavelength of 365 nm and an intensity on the surface of 233 
mW/cm 2 for 7 sec, to form a 7 micron-thick resinous protective film having a tensile stress of 2 - 6 kg/mm 2 , thereby 
obtaining an optical recording medium. 



15 



Example 2 

An optical recording medium was prepared in the same manner as in Example 1 except that the UV-curable resin 
was replaced by one having the following composition to form a protective resin layer having a tensile stress of 3.5 kg/ 
mm 2 . 



20 



(Composition) 



25 



Caprolactone-modified dipentaerythritol hexaacrylate (KAYARAD DPCA-30, mfd. by Nihon Kayaku K. 
K.) 

Dioxane glycol diacrylate (KAYARAD R-604, mfd. by Nihon Kayaku K.K.) 
Photopolymerization initiator (IRG-184, mfd. by Ciba-Geigy A.G.) 



60 wt. % 

35 wt. % 
5 wt. % 



30 



Example 3 

An optical recording medium was prepared in the same manner as in Example 1 except that the UV-curable resin 
was replaced by one having the following composition to form a protective resin layer having a tensile stress of 5.0 kg/ 
mm 2 . 



35 



(Composition) 

Caprolactone-modified dipentaerythritol 
hexaacrylate (KAYARAD DPCA-30, mfd. by Nihon Kayaku 



40 



K.K. ) 



70 wt. % 



Dioxane glycol diacrylate (KAYARAD R-604 , mfd 



45 



by Nihon Kayaku K.K.) 



25 wt. % 



50 



Photopolymerization initiator (IRG-184, mfd 



by Ciba-Geigy A.G. ) 



5 wt. % 



Example 4 

An optical modulation-type overwritable optical recording medium was prepared in the same manner as in Example 
55 1 except that the laminate film was formed by sputtering on the polycarbonate substrate 1 so as to comprise a 600 A- 
thick SiN layer 2 (sputtering pressure: 0.3 Pa, input power: 500 W), a laminate magnetic layer 3 including a 400 A- 
thick TbFeCo magnetic layer and an 800 A-thick GdDyFeCo magnetic layer (sputtering pressure: 0.3 Pa, input power: 
500 W) and a 900 A-thick SiN layer (sputtering pressure: 0.3 Pa, input power: 500 W) to have a compression stress 
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of 30 kg/mm 2 . 
Comparative Example 1 

An optical recording medium was prepared in the same manner as in Example 1 except that the UV-curable resin 
was replaced by one having the following composition to form a protective resin film having a tensile stress of 1.2 kg/ 
mm 2 . 



(Composition) 



Neopentyl glycol diacrylate (di-f unctional) 



(KAYARAD-NPGDA, Nihon Kayaku K.K. ) 



40 wt. % 



TMPA (tri-f unctional) (KAYARAD-TMPTA, 



Nihon Kayaku K.K. ) 



40 wt. % 



Dicyclopentenyl acrylate (FA-57A, 



Hitachi Kasei K.K. ) 



10 wt. % 



Photopolymerization initiator (KAYACURE BP, 



Nihon Kayaku K.K. ) 



10 wt. % 



Comparative Examples 2 and 3 



Optical recording media were prepared in the same manner as in Example 1 except for using the following com- 
positions for preparing the resinous protective layers. 
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(Composition for Comparative Example 2) 

Dipentaerythritol hexaacrylate (hexa-f unctional ) 
(DPCA-60, mfd. by Nihon Kayaku K.K. ) 50 wt. % 

Dicyclopentenyl acrylate (mono-functional) 

40 wt. % 

Urethane acrylate (Allonix M-1100, mfd. by Toa 
Gosei Kagaku K.K. ) 5 wt. % 

Photopolymerization initiator (IRG-184, Nihon 
Ciba-Geigy K.K» ) 5 wt. % 

(Composition for Comparative Example 3) 

Dipentaerythritol hexaacrylate (hexa-f unctional) 
(DPCA-60, Nihon Kayaku K.K. ) 40 wt. % 

Urethane acrylate (Arronix M-1100, Toa Gosei 
Kagaku K.K.) 20 wt. % 

TMPTA ( KAYARAD-TMPTA , Nihon Kayaku K.K.) 

35 wt. % 



Photopolymerization initiator (IRG-184 f Nihon 
Ciba-Geigy K.K.) 5 wt. % 

Comparative Example 4 

A 1 .2 mm -thick polycarbonate substrate 1 having a guide groove and a preformat pit was coated with a 5 u,m (500 
A)-thick inorganic dielectric layer of Si 3 N 4 formed by sputtering (pressure: 0.4 Pa, input power: 500 W), a laminate 
opto-magnetic recording layer 3 including a 4 u.m (400 A)-thick amorphous GdTb layer and a 4 ujti (400 A)-thick amor- 
phous TbFe layer respectively by sputtering (pressure: 0.6 Pa, input power: 550 W), and then with a 7 u.m (700 A)- 
thick inorganic dielectric layer of SiN formed by sputtering (pressure: 0.4 Pa, input power: 500 W) to form a laminate 
film having a compression strength of 11 kg/mm 2 , followed by coating with a 7 micron-thick protective layer of a photo- 
cationically polymerizable epoxy resin (trade name: KR-400, mfd. by Asahi Denka K.K.) to form an optical recording 
medium. 

The optical recording medium was accompanied with little warp or skew and no increase in warp or skew was 
observed after a durability test, but the laminate film caused a crack to result in corrosion in the recording layer. 

Tables 1 and 2 appearing at the end hereof summarize measured data of warp, skew, C/N value and B.E.R. for 
the optical recording media prepared in the above Examples and Comparative Examples as prepared and after a 
durability test for 200 hours under the conditions of 80 °C and 90 %RH, and the stress values in the resinous protective 
layers and laminate films in the media. 

The measurement of C/N value and B.E.R. were performed by using an optomagnetic recording and reproduction 
tester (trade name: OS-2000, mfd. by Nakamichi K.K.) for recording and reproducing 5 MHz signals at a revolution 
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speed of 1 800 rpm and reproduction at a laser power of 5 mW. 
Example 5 



An optical recording medium was prepared in the same manner as in Example 1 except that the UV-curable resin 
was replaced by one having the following composition to form a protective resin layer having a tensile stress of 4.9 kg/ 
mm 2 . 



(Composition) 


Caprolactone -modified dipentaerythritol hexaacrylate (hexa-functional) (KAYARAD DPCA-30, mfd. by 
Nihon Kayaku K.K.) 

Urethane acrylate (Arronix M-1100, Toa Gosei Kagaku K.K.) 
Photopolymerization initiator (IRG-184, mfd. by Ciba-Giegy A.G.) 


60 wt. % 

10 wt. % 
5 wt. % 



Examples 6-9 



Optical recording media were prepared in the same manner as in Example 1 except for using the following com- 
positions for preparing the resinous protective layers. 



(Composition for Example 6) 


Dipentaerythritol monohydroxypentaacrylate (pentafunctional) (SR-399, mfd. by Sartomer Co.) 
Urethane acrylate (Allonix M-1100, mfd. by Toa Gosei Kagaku K.K.) 
Photopolymerization initiator (IRG-184, Nihon Ciba-Geigy K.K.) 


50 wt. % 
5 wt. % 
5 wt. % 



(Composition for Example 7) 


Alkyl-modified dipentaerythritol pentaacrylate (penta-functional) (KAYARAD D-310, Nihon Kayaku K.K.) 
Urethane acrylate (ARTRESIN UN-9000, Negami Kogyo K.K.) 
Photopolymerization initiator (IRG-184, Nihon Ciba-Geigy K.K.) 


94 wt. % 
4 wt. % 
2 wt. % 



(Composition for Example 8) 

Alkyl-modified dipentaerythritol pentaacrylate 
(penta-functional) (KAYARAD D-310, Nihon Kayaku K.K. ) 

62 wt. % 

Urethane acrylate (ARTRESIN UN-9000, Negami 
Kogyo K.K. ) 4 wt. % 

Photopolymerization initiator (IRG-184, Nihon 
Ciba-Geigy K.K.) 2 wt. % 
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TMPTA (KAYAJRAD-TMPTA, Nihon Kayaku K.K.) 

15 wt. % 

MANDA { KAYARAD-MANDA , Nihon Kayaku K.K.) 

14 wt. % 



(Composition for Example 9) 


Dipentaerythritol monohydroxypentaacrylate (SR-399) 
Urethane acrylate (ARTRESIN UN-9000, Negami Kogyo K.K.) 
Photopolymerization initiator (IRG-1 84, Nihon Ciba-Geigy K.K.) 
MANDA (KAYARAD-MANDA, Nihon Kayaku K.K.) 


75 wt. % 
6 wt. % 
5 wt. % 

14 wt. % 



(Composition tor Example 10) 


Dipentaerythritol hexaacrylate (hexa-functional) (KAYARAD DPCA-30, Nihon Kayaku K.K.) 
TMPTA (tri-functional) (KAYARAD TMPTA, Nihon Kayaku K.K.) 
Photopolymerization initiator (IRG-1 84, Nihon Ciba-Geigy K.K.) 


90 wt. % 
5 wt. % 
5 wt. % 



(Composition for Example 11) 


Dipentaerythritol hexaacrylate (hexa-functional) (KAYARAD DPCA-30, Nihon Kayaku K.K.) 
Bisphenol A diglycidyl ether (Epikote 828, Yuka Shell K.K.) 
Photopolymerization initiator (IRG-1 84, Nihon Ciba-Geigy K.K.) 


85 wt. % 
10 wt. % 
5 wt. % 



Example 12 

A 1.2 mm-thick polycarbonate substrate 1 having a guide groove and a preformat pit was coated with a 100 A- 
thick inorganic dielectric layer of SiN formed by sputtering (pressure: 0.25 Pa, input power: 500 W), a laminate recording 
layer 3 including a 100 A-thick amorphous GdFeCo layer and a 200 A-thick amorphous TbFeCo layer respectively by 
sputtering (pressure: 0.4 Pa, input power: 540 W), and then with a 300 A-thick inorganic dielectric layer 4 of SiN formed 
by sputtering (pressure: 0.25 Pa, input power: 500 W) to form a laminate film having a compression strength of 15 kg/ 
mm 2 . 

Then, a UV-curable resin having a composition shown below was applied by spin coating (4000 rpm, 7 sec) on 
the laminate film and then cured by irradiation from a UV lamp 6 issuing UV rays of 365 nm having a intensity on the 
surface of 233 mW/cm 2 for 7 sec, to form a 7 micron-thick resinous protective layer 5, thereby obtaining an optical 
recording medium. 

(Composition) 

Alkyl-modif ied dipentaerythritol pentaacrylate 
(penta-functional) (KAYARAD D-310, Nihon Kayaku K.K.) 

62 wt. % 

Urethane acrylate (Allonix M-1100, Toa Gosei 
Kagaku K.K. ) 4 wt. % 
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Photopolymerizatiort initiator (IRG-184, Nihon 



Ciba-Geigy K.K. ) 



5 wt. % 



TMPTA ( KAYARAD-TMPTA , Nihon Kayaku K.K.) 



15 wt. % 



MAN DA (KAYARAD-MANDA, Nihon Kayaku K.K.) 



14 wt. % 



The measured data of warp, skew, C/N value and B.E.R. for the optical recording media according to the above 
Examples 5 - 12 as prepared and after a durability test for 200 hours under the conditions of 80 °C and 90 %RH, and 
the stress values in the resinous protective layers and the laminate films, are also shown in Tables 1 and 2 appearing 
at the end. 

As shown in Table 1 , the optical recording media obtained in Example 1 showed improvements in respects of warp 
and skew even in the initial stage and showed substantially no increase in warp or skew even after the durability test. 

Further, as shown in Examples 5 - 9 and 12, when a photocurable composition comprising 60 wt. % or more of a 
polyfunctional acrylate compound having 5 or more functional groups and 10 wt. % or less of a urethane acrylate was 
used for constituting the resinous protective layer, there was provided an optical recording medium which caused no 
corrosion in the laminate film, no decrease in C/N value or no increase in B.E.R. 

On the other hand, as shown in Table 2, Comparative Examples 1 , 2 and 3 provided optical recording media which 
showed warp and skew which were large even at the initial stage and further increased after the durability test, due to 
a small stress in the resinous protective layer. Further, these media caused corrosion or pitting in the optical recording, 
thus causing a deterioration in both C/N value and B.E.R. Further, the medium according to Comparative Example 4 
having a small stress in the laminate film caused a decrease in warp and skew but also resulted in a crack in the 
laminate film. 

The stress referred to herein in the resinous protective layers is based on values measured according to the 
following method. Referring to Figure 3, a silicon disk substrate 10 is coated with a sample photocurable resin com- 
position used for constituting the resinous protective layer, followed by curing, to form a prescribed thickness (5 - 8 
microns) of a cured film 9. The coated substrate is placed on a stress gauge 11 (mfd. by Ionic Systems K.K.), the 
resultant warp d is measured as shown in Figure 3, and the stress a in the cured resin film is calculated according to 
the following equation (1). 



Es: Young's modulus of the silicon substrate, 
v: Poisson ratio of the silicon substrate, 
Ts: thickness of the silicon substrate, 
Tf: thickness of the cured resin film, and 
r : radius of the silicon substrate. 

Further, the stress in the laminate film is based on values measured according to the following method. That is, 
the stress o' in the laminate film 6 is calculated according to the following equation (2). 



a = (d/r 2 ) [Es/3(1-v)] (Ts 2 /Tf) 



(1), 



wherein 



a" = Eb 2 /6(1-v)rd 



(2), 



wherein 



E: Young's modulus of the substrate (constant), 
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v: Poisson ratio of the substrate (constant), 

r: radius of curvature resultant in the substrate, having the laminate film 6 thereon, 
d: thickness of the laminate film, and 
b: thickness of the substrate (constant). 

Herein, referring to Figure 4, the radius of curvature r is calculated by measuring the number of Newton rings m resultant 
on the laminate film 6 formed on the substrate 1 by means of a Zygo's interferometer 41 including a light source 12, 
lenses 13, a filter 14 and a camera 15, and by using the following equation(3). 

r = a 2 /m\ (3), 
wherein 

15 a: radius of the substrate, and 

X: wavelength of light from the source 12 in the interferometer. 

The warp and skew are based on values measured by a flatness tester (trade name: KS-916, mfd. by Anritsu 
Denki K.K.). 

20 The measured data for the above Examples and Comparative Examples are summarized in the following Tables 

1 and 2, wherein the evaluation was performed according to the following standards: 
[C/N] 

The decrease in C/N value after the durability test was classified according to the following standards: 
A: 3dB or below, B: 4 - 5 dB, C: 7 dB or above. 
25 [B.E.R.] 

The value after the durability test was classified according to the following standards: 

A: Retained at a level of 10" 6 
B: Lowered to a level of 1 0 -4 
30 C: Lowered to a level of 10' 3 

D: Lowered to a level of 10 -2 . 

Further, the sign before the value of warp indicates that the warp occurred to form a convexity on the laminate 
film side. 

55 The sign before the stress value indicates a tensile stress and the sign indicates a compression stress. 

"After test" in the heading means the value after the durability test. 
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Claims 

1 . An optical recording medium having a laminated structure comprising: in sequence a substrate (1 ), a laminate film 
(6), and a resinous protective layer (5); the laminate film (6) including an inorganic dielectric layer (2 or 4) and a 

5 recording layer (3), characterised in that 

the laminate film has a compression stress of 15-55 kg/mm 2 and the resinous protective layer (5) has a 
tensile stress of 2.5 - 5.5 kg/mm 2 . 

2. A medium according to claim 1 , wherein the resinous protective film comprises a cured film of a photo-curable resin. 

10 

3. A medium according to claim 1 or 2, wherein the recording layer comprises an inorganic compound. 

4. A medium according to claim 3, wherein the recording layer has a laminated structure including a plurality of layers 
comprising mutually different inorganic compounds. 

75 

5. A medium according to any preceding claim, wherein the inorganic dielectric layer is disposed on both sides of 
the recording layer to form the laminate film. 

6. A medium according to any preceding claim, wherein the inorganic dielectric layer comprises at least one species 
20 selected from the group consisting of Si 3 N 4 , SiO x , ZnS and SiC. 

7. A medium according to any preceding claim, wherein the recording layer has a thickness of 200 - 1000 A. 

8. A medium according to any preceding claim, wherein the inorganic dielectric layer has a thickness of 400 - 1 000 A. 

25 

9. A medium according to claim 2 and any of claims 3-8 when dependent on claim 2, wherein the resinous protection 
layer (5) comprises a cured film of a photo-curable resin which comprises 60 wt. % or more of a polyfunctional 
acrylate compound having 5 or more functional groups and 10 wt. % or less of a urethane acrylate compound. 

■30 10. A medium according to claim 9, wherein the polyfunctional acrylate compound comprises dipentaerythritol hex- 
aacrylate. 

11. A medium according to claim 9 or 10, wherein the urethane acrylate compound is contained in a proportion of 2 - 
8 wt. % of the photo-curable resin. 

35 

12. A medium according to any preceding claim, wherein the recording layer comprises an amorphous magnetic re- 
cording layer. 

13. A medium according to any of claims 1-12, wherein the laminate film includes a reflecting layer. 

40 

14. A medium according to any of claims 1-13, wherein the resinous protective layer (5) has a tensile stress of 3 - 5 
kg/mm 2 . 

1 5. A medium according to any preceding claim, wherein the laminate film has a compression stress of 20 - 50 kg/mm 2 . 

45 

16. A process for producing an optical recording medium as claimed in any preceding claim, comprising: 

coating a resinous substrate (1 ) with a laminate film (6) including an inorganic dielectric layer (2) and a recording 
layer (3) so as to provide a laminate film having a compression stress of 15 - 55 kg/mm 2 and 
50 coating the laminate film (6) with a resinous material so as to provide a resinous protective layer having a 

tensile strength of 2.5 - 5.5 kg/mm 2 . 

17. A process according to claim 16, wherein the laminate film is formed by sputtering or evaporation. 

55 18. A process according to claim 17, wherein the laminate film is formed to have a compression stress of 20 - 50 kg/ 
mm 2 , and the resinous protective film is formed to have a tensile stress of 3 - 5 kg/mm 2 . 

19. A method of recording information comprising providing a recording medium according to any of claims 1 to 15 or 
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made by the process of any of claims 16 to 18, and recording information on said recording medium by means of 
a light beam. 

20. A method of reproducing data comprising providing a record medium according to any of claims 1 to 15 or made 
by the process of any of claims 16 to 18 and having data recorded thereon, and illuminating the recording medium 
with a light beam to reproduct the data. 

Revendications 

1 . Support d'enregistrement optique ayant une structure stratifiee, comprenant, successivement : un substrat (1 ), un 
film stratifie (6) et une couche de resine protectrice (5) ; le film stratifie (6) comprenant une couche dielectrique 
inorganique (2 ou 4) et une couche d'enregistrement (3), caracterise en ce que 

le film stratifie a une contrainte de compression de 15 a 55 kg/mm 2 et la couche de resine protectrice (5) a 
une contrainte de traction de 2,5 a 5,5 kg/mm 2 . 

2. Support suivant la revendication 1 , dans lequel le film de resine protectrice comprend un film durci d'une resine 
photodurcissable. 

3. Support suivant la reendication 1 ou 2, dans lequel la couche d'enregistrement comprend un compose inorganique. 

4. Support suivant la revendication 3, dans lequel la couche d'enregistrement a une structure stratifiee comprenant 
une pluralite de couches comprenant des composes inorganiques mutuellement dirferents. 

5. Support suivant Tune quelconque des revendications precedentes, dans lequel la couche dielectrique inorganique 
est disposee sur les deux faces de la couche d'enregistrement pour former le film stratifie. 

6. Support suivant Tune quelconque des revendications precedentes, dans lequel la couche dielectrique inorganique 
comprend au moins une entite choisie dans le groupe consistant en Si 3 N 4 , SiO x , ZnS et SiC. 

7. Support suivant I'une quelconque des revendications precedentes, dans lequel la couche d'enregistrement a une 
epaisseur de 200 a 1 000 A. 

8. Support suivant I'une quelconque des revendications precedentes, dans lequel la couche dielectrique inorganique 
a une epaisseur de 400 a 1000 A. 

9. Support suivant la revendication 2 et suivant I'une quelconque des revendications 3 a 8 lorsqu'elle depend de la 
revendication 2, dans lequel la couche de resine protectrice (5) comprend un film durci d'une resine photodurcis- 
sable qui comprend une quantite egale ou superieure a 60 % en poids d'un acrylate polyfonctionnel ayant 5 ou 
plus de 5 groupes fonctionnels et une quantite egale ou inferieure a 10 % en poids d'un acrylate d'urethanne. 

10. Support suivant la revendication 9, dans lequel I'acrylate polyfonctionnel comprend I'hexa-acrylate de dipentae- 
rythritol. 

11. Support suivant la revendication 9 ou 10, dans lequel I'acrylate d'urethanne est present en une proportion de 2 a 
8 % en poids de la resine photodurcissable. 

12. Support suivant I'une quelconque des revendications precedentes, dans lequel la couche d'enregistrement com- 
prend une couche magnetique amorphe d'enregistrement. 

13. Support suivant I'une quelconque des revendications 1 a 12, dans lequel le film stratifie comprend une couche 
reflechissante. 

14. Support suivant Tune quelconque des revendications 1 a 1 3, dans lequel la couche de resine protectrice (5) a une 
contrainte de traction de 3 a 5 kg/mm 2 . 

15. Support suivant I'une quelconque des revendications precedentes, dans lequel le film stratifie a une contrainte de 
compression de 20 a 50 kg/mm 2 . 
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16. Procede pour la production d'un support d'enregistrement optique suivant Tune quelconque des revendications 
precedentes, comprenant : 

le revetement d'un substrat en resine (1) avec un film stratifie (6) comprenant une couche dielectrique inor- 
s ganique (2) et une couche d'enregistrement (3) de maniere a produire un film stratifie ayant une contrainte de 

compression de 1 5 a 55 kg/mm 2 , et 

le revetement du film stratifie (6) avec une resine de maniere a produire une couche de resine protectrice 
ayant une resistance a la traction de 2,5 a 5,5 kg/mm 2 . 

10 17. Procede suivant la revendication 16, dans lequel le film stratifie est forme par pulverisation cathodique ou evapo- 
ration. 

18. Procede suivant la revendication 17, dans lequel ie film stratifie est form6 de maniere a presenter une contrainte 
de compression de 20 a 50 kg/mm 2 , et le film de resine protecteur est forme de maniere a avoir une contrainte 

is de traction de 3 a 5 kg/mm 2 . 

19. Procede d'enregistrement d' informations, comprenant I'etape consistant a prendre un support d'enregistrement 
suivant I'une quelconque des revendications 1 a 15 ou pr6par6 par le procede suivant Tune quelconque des re- 
vendications 16 a 18, et a enregistrer une information sur ledit support d'enregistrement au moyen d'un faisceau 

20 lumineux. 

20. Procede de reproduction de donnees, comprenant I'etape consistant a prendre un support d'enregistrement suivant 
I'une quelconque des revendications 1 a 1 5 ou prepare par le procede suivant I'une quelconque des revendications 
16 a 18 et portant des donnees enregistrees, et a eclairer le support d'enregistrement avec un faisceau lumineux 

25 pour reproduire les donnees. 

Patentanspruche 

30 1 . Optisches Aufzeichnungsmaterial mit einer als Laminat ausgebildeten Struktur, umfassend in dieser Reihenfolge: 
Einen Trager (1), einen Laminatfilm (6) und eine harzartige Schutzschicht (5), wobei der Laminatfilm (6) eine 
anorganische, dielektrische Schicht (2 oder 4) und eine Aufzeichnungsschicht (3) einschlieGt, dadurch gekenn- 
zeichnet, daG der Laminatfilm eine Druckspannung von 15 bis 55 kg/mm 2 und die harzartige Schutzschicht (5) 
eine Zugspannung von 2,5 bis 5,5 kg/mm 2 aufweist. 

35 

2. Material nach Anspruch 1, worin der harzartige Schutzfilm einen geharteten Film aus einem lichthartenden Harz 
umfaBt. 

3. Material nach Anspruch 1 oder Anspruch 2, worin die Aufzeichnungsschicht eine anorganische Verbindung umfaGt. 

40 

4. Material nach Anspruch 3, worin die Aufzeichnungsschicht eine als Laminat ausgefuhrte Struktur besitzt, die eine 
Vielzahl von Schichten einschlieBt, die voneinander verschiedene anorganische Verbindungen umfassen. 

5. Material nach einem der vorhergehenden Anspruche, worin die anorganische, dielektrische Schicht auf beiden 
45 Seiten der Aufzeichnungsschicht abgeschieden wird, wodurch ein Laminatfilm gebildet wird. 

6. Material nach einem der vorhergehenden Anspruche, worin die anorganische, dielektrische Schicht wenigstens 
eine Spezies umfaGt, die ausgewahlt ist aus der Gruppe, bestehend aus Si 3 N 4 , SiO x , ZnS und SiC. 

50 7. Material nach einem der vorhergehenden Anspruche, worin die Aufzeichnungsschicht eine Dicke von 200 bis 1 000 
A besitzt. 

8. Material nach einem der vorhergehenden Anspruche, worin die anorganische, dielektrische Schicht eine Dicke 
von 400 bis 1000 A besitzt. 



55 



9. Material und einem der Anspruche 3 bis 8, wenn sie von Anspruch 2 abhangen, worin die harzartige Schutzschicht 
(5) einen geharteten Film aus einem lichthartenden Harz umfaBt, das 60 Gew.-% oder mehr einer polyfunktionellen 
Acrylatverbindung mit 5 oder mehr funktionellen Gruppen und 10 Gew-% oder weniger einer Urethanacrylatver- 
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bindung umfaBt. 

10. Material nach Anspruch 9, worin die polyfunktionelle Acrylatverbindung Dipentaerythritolhexaacrylat umfaBt. 

11. Material nach einem der Anspruche 9 Oder 10, worin die Urethanacrylatverbindung in einem Anteil von 2 bis 8 
Gew.-% des lichthartenden Harzes enthalten ist. 

1 2. Material nach einem der vorhergehenden Anspruche, worin die Aufzeichnungsschicht eine amorphe, magnetische 
Aufzeichnungsschicht umfaBt. 

13. Material nach einem der Anspruche 1 bis 12, worin der Laminatfilm eine Reflexionsschicht enthalt. 

14. Material nach einem der Anspruche 1 bis 13, worin die harzartige Schutzschicht (5) eine Zugspannung von 3 bis 
5 kg/mm 2 besitzt. 

15. Material nach einem der vorhergehenden Anspruche, worin der Laminatfilm eine Druckspannung von 20 bis 50 
kg/mm 2 besitzt. 

16. Verfahren zur Herstellung eines optischen Aufzeichungsmaterials, wie es in einem der vorhergehenden Anspru- 
20 chen offenbart ist, umfassend: 

• Beschichten eines harzartigen Tragers (1) mit einem Laminatfilm (6), der eine anorganische, dielektrische 
Schicht (2) und eine Aufzeichnungsschicht (3) einschlieBt, urn so einen Laminatfilm bereitzustellen, der eine 
Druckspannung von 15 bis 55 kg/mm 2 besitzt, und 
25 • Beschichten des Laminatfilmes (6) mit einem harzartigen Material, um so eine harzartige Schutzschicht be- 

reitzustellen mit einer Zugfestigkeit von 2,5 bis 5,5 kg/mm 2 . 

17. Verfahren nach Anspruch 16, worin der Laminatfilm durch Sputtern oder Bedampfung gebildet wird. 

30 18. Verfahren nach Anspruch 17, worin der Laminatfilm so gebildet wird, daB er eine Druckspannung von 20 bis 50 
kg/mm 2 aufweist, und der harzartige Schutzfilm so gebildet wird, daft er eine Zugspannung von 3 bis 5 kg/mm 2 
aufweist. 

19. Verfahren zur Aufzeichnung von Informationen, das es umfaBt, daB ein Aufzeichnungsmaterial nach einem der 
35 Anspruche 1 bis 15 bereitgestellt oder durch das Verfahren nach einem der Anspruche 16 bis 18 hergestellt wird, 

und daB Informationen auf dieses Aufzeichnungsmaterial mit Hilfe eines Lichtstrahls aufgezeichnet werden. 

20. Verfahren zur Wiedergabe von Daten, das es umfaBt, daB ein Aufzeichnungsmaterial nach einem der Anspruche 
1 bis 15 bereitgestellt oder durch das Verfahren nach einem der Anspruche 16 bis 18 hergestellt wird und Daten 

40 darauf aufgezeichnet enthalt, und daB dieses Aufzeichnungsmaterial mit einem Lichtstrahl beleuchtet wird, um 

die Daten wiederzugeben. 
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